Current estimates are that 1.25 million Americans have type 1 diabetes (T1D) (1) caused by the gradual loss of nearly all pancreatic insulin-producing b-cells via a presumed T cell-mediated autoimmune process (2). Eventually, all with T1D display severely impaired endogenous insulin production (3) and are dependent upon injected insulin for survival. Because subcutaneously administered insulin displays sluggish "on" and delayed "off" kinetics compared with that from pancreatic b-cells, the glycemic control patients achieve using subcutaneous insulin is suboptimal. For too many individuals, chronic episodic hypoglycemia dulls the typical compensatory responses, leading to impaired hypoglycemia awareness. Absent the usual warning symptoms of a blood glucose too low to sustain higher cognitive functions, such individuals are susceptible to severe hypoglycemic events defined as those requiring assistance from others to recover. Some die as a result of severe and prolonged hypoglycemia (4). Severe hypoglycemia occurs with alarming frequency among patients with T1D (5).
significant survival benefit for individuals receiving a simultaneous kidney and pancreas transplants but found increased mortality associated with solitary (i.e., patients did not need a kidney transplant) pancreas transplantation (14). Thus, although T1D with recurrent severe hypoglycemia is associated with significant morbidity and increased mortality, the absolute mortality risk is quite low. Whether transplantation-based approaches improve survival for such individuals is far from certain.
Hering et al. (15) in this issue of Diabetes Care now report long-awaited results from a Clinical Islet Transplantation (CIT) Consortium trial (CIT-07) testing whether islet transplantation achieves good but not normal glycemic control (HbA 1c of ,7.0%) without severe hypoglycemia from day 28 to day 365 following the procedure. The study enrolled 48 individuals with T1D $5 years and recurrent severe hypoglycemia in the preceding 12 months despite expert medical management. All islet preparations were done at one of the eight expert centers using standardized approaches and release criteria. Enrollees received islets from 75 different donors. At 1 and 2 years, respectively, the primary end point was achieved by 87.5% (42 of the 48) and 71% (34 of the 48) of individuals. The study also describes complications and several other outcomes such as insulin independence. Only 20 of the 48 individuals remained "insulin independent" at 2 years. The required calcineurin-based immunosuppression caused a significant decline in kidney function (glomerular filtration rate decreased from 102 mL/min/1.73 m 2 at baseline to 82 mL/min/1.73 m 2 at 2 years). Two enrollees developed donor-specific antibodies influencing their eligibility should they need a future transplant. The study's strengths were that it included some of the world's best centers working to develop islet transplantation for clinical applicability, that it was a multicenter trial, and that it used standardized procedures. The study's limitations include its quite understandable inability to keep up with the rapidly developing technology-based improvements to manage T1D.
Compared with the 36 subjects in a 2006 CIT study (16) , the subjects in the current study received islets from fewer donors (1.6 vs. 2.1 donors per recipient), had better glycemic control (e.g., 42%
were insulin independent at 2 years compared with 14%), and had fewer complications (e.g., 10% suffered intraperitoneal bleeds vs. 19% in 2006). Clearly, through research, progress is being made.
Do these results justify the U.S. Food and Drug Administration (FDA) licensing isolated islets for transplantation to individuals with T1D and recurrent severe hypoglycemia? The study suggests that islet transplantation could help ;70% of individuals for 2 years, but all previous experience suggests that islet allograft function will continue to deteriorate over time. Further, although a criterion for study entry was failed medical management, 11 subjects never used an insulin pump, 27 (more than half) never used a continuous glucose monitor, and 2 were later determined to be medically nonadherent and ideally should not have been enrolled. Thus, identifying suitable individuals for the expensive transplant approach can be most difficult and FDA licensure may open Pandora's box.
The FDA licensing decision should weigh other concerns. Should this country's limited cadaveric pancreata be allocated for islet isolation and potential transplantation? Modern islet isolation procedures yield islets suitable for transplant about 60% of the time. Thus, one can calculate that ;125 cadaveric pancreata were "invested" toward this trial that infused 75 donor islets into the 48 enrollees, with 20 individuals achieving 2-year "insulin independence," albeit using relaxed glycemic targets for that definition. Had those same 125 donor organs been allocated for pancreas transplantation, even if surgical teams transplanted only half those organs, ;50-60 patients would have achieved 2-year insulin-independent euglycemia using standard criteria. Perhaps only donor pancreata rejected for solid organ transplant should be taken for islet isolation.
Last, the FDA licensing decision should weigh that kidney function predictably and significantly worsens following islet transplant when using currently available immunosuppressive regimens. The various pros and cons associated clinical islet transplantation in its present state of development are depicted in Fig. 1 . The net long-term benefit achieved by the temporarily improved but not normal glycemia with decreased severe hypoglycemic episodes must be weighed against the harm caused by the procedure and subsequent immunosuppression. This study does not deliver that critical verdict.
Isolated human islets are invaluable for research, and the future of islet transplantation remains bright. In particular, studies coordinated by the JDRF Network for Pancreatic Organ Donors with Diabetes (nPOD) (17) and the Integrated Islet Distribution Program (IIDP) (18) are shedding light on the T1D pathologic process. Research is overcoming the biggest hurdles limiting islet transplantation, i.e., islet supply and immunosuppression toxicity. Human b-like cells can now be created from stem cell precursors in vitro to enable an essentially limitless supply (19), and such cells lend themselves to genetic engineering to resist allo-and autoimmunity. Progress is also being made with encapsulation strategies to eliminate the need for immunosuppression (20) , and newer immunosuppressive agents more favorable to preserving kidney function are being reported to prevent allograft rejection (21) and T1D autoimmunity (22) (23) (24) (25) .
With ever-evolving technologies and medications for glycemia management, whether the results now reported support the FDA licensing islet transplantation for patients with T1D and severe hypoglycemia remains a difficult question. Current evidence suggests that more cost-effective medical treatments (continuous subcutaneous insulin infusion, continuous glucose monitoring, psychological assessment, education, behavioral counseling, etc.) be exhausted before considering a transplant approach that may help a vanishingly small, properly informed and consented population, e.g., individuals with T1D and recurrent severe hypoglycemia who have already received a kidney transplant and therefore are already taking immunosuppressive agents.
